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Sensitization of organisms to heat by first irradiating them with ultraviolet 
light was described for paramecia by Boyle and Daland  (1923), for bacteria 
by Curran and Evans  (1938), and for yeast by Anderson and Duggar (1939, 
1941).  By sensitization is meant killing by a sublethal dosage of heat follow- 
ing a  sublethal dosage of ultraviolet light.  In  these experiments the effects 
of heat and light are not merely additive since heating  to the  same extent 
before irradiating  has  no effect.  An  apparently  analogous  sensitization  of 
proteins in vitro is observed after irradiation with ultraviolet light.  Floccula- 
tion occurs in such solutions if the temperature is raised above 4* C., whereas 
unirradiated  solutions  remain  clear  (Clark,  1938).  Since  proteins  are  the 
main structural constituents of organisms, an explanation of light sensitization 
to heat as an effect upon the cellular proteins seems logical.  However, Clark 
(1938) believes the evidence is inadequate to justify such a conclusion.  More 
data are desirable to determine whether proteins or some other cellular con. 
stituents are involved.  By determining the relative effectiveness of each of a 
number of ultraviolet wave lengths in sensitizing the  organisms  to heat, an 
action spectrum can be obtained which presumably represents the absorption 
spectrum of the class of chemicals responsible for sensitizing the organism to 
heat.  The results for paramecia suggesting proteins in this rSle are described 
below. 
Materials  and  Methods 
Paramexium caudatum and Paramecium multimicronucleata were used as experi- 
mental animals and were grown in mass cultures (Giese and Taylor, 1935) or in isola- 
tion culture (Giese, 1945a) as required.  A quartz mercury arc served as a source and 
the light was passed through a natural quartz monochromater.  The following wave 
lengths were used in the experiments:  2483, 2537, 2654, 2804, 3025, 3130, 3350, and 
3660~.  The intensity was determined with a  thermopile calibrated against United 
States Bureau of Standards lamps.  Dosages  of 1000, 2000, 3000, and 4000 ergs/ 
ram.  2  were generally used, but occasionally other dosages were used.  About 50 to 100 
paramecia were irradiated each time and a sample of these, held in a capillary pipette, 
was quickly injected into 5 ec. of pond water contained in each of a series of test tubes 
held in a constant temperature bath at 42.3°C. After a given exposure, timed with a 
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stop-watch, the paramecia were quickly poured into cool pond water contained in a 
large  watch glass and observed with a dissecting microscope.  The time required to 
immobilize a majority of the paramecia was taken as the lethal time.  After preliminary 
trials the end point was determined with more precision and five repetitions were made. 
In this way repeatable results were obtained.  While  the lethal time is not always 
the same for the controls, the relation between the sample  irradiated with a given 
dosage and the control from the same culture is fairly constant. 
EXPERI~NTAL 
1.  The Action Spectrum 
Experiments on sensitization to heat by irradiation with ultraviolet light of 
both P. caudatum and P. multimicronucleata give essentially the same results. 
The data for both species are summarized in Table I  and for P. caudatum in 
Figs. 1 and 2.  A maximum effect is observed at the shortest wave length tried, 
2483A.  In fact, it is impossible to give a greater dosage than 1000 ergs/mm.  * 
because in that case killing upon exposure to heat becomes so rapid that the 
measurements  are  unreliable.  A  smaller  maximum  is  observed  at  2804.~. 
Between these two wave lengths lies a minimum.  At wave lengths longer than 
2804A the effectiveness declines rapidly failing to zero at 3660A. 
For  comparison,  the  absorption  spectrum  of  pseudoglobulin  is  added  to 
Fig. 2.  The action spectrum for sensitization to heat resembles the absorption 
spectrum of pseudoglobulin.  The data suggest that the simple proteins of the 
cytoplasm are sensitized to heat by the absorption of ultraviolet radiations. 
While the fit is imperfect both at the short and at the long wave length ends of 
the spectrum, no other substance in protoplasm, organic or inorganic, has selec- 
tive absorption resembling the action spectrum even to this extent (for absorp- 
tion  spectra  see  Casperson,  1936). 
All the experiments described involve irradiating the paramecia (UV) first, 
then  heating  them  (H).  The  order  is  therefore  (UV),  (H).  If  the  same 
exposures are given in the reverse order, namely (H), (UV), the paramecia are 
not killed.  The experiment therefore describes a  true  sensitization,  not  an 
additive effect of two injurious agencies. 
2.  Effects of Heat and Ultraviolet Light upon the Division Rate 
Since Anderson and Duggar (1941) found that yeast lost its ability to form 
colonies after an exposure to 2650.~ followed by heat, they concluded that the 
division mechanism Was sensitized to heat by irradiation.  Previous work on 
effects of ultraviolet light alone upon division rate indicates an action spectrum 
resembling nucleoprotein absorption (Giese, 1945 b).  If ultraviolet light also 
sensitizes  nucleoproteins  to  heat,  an  action spectrum  for heat  sensitization 
corresponding to absorption by nucleoproteins should also be found.  While 
this is not the case for lethal dosages on paramecium as shown above, it might ARTHUR C. GIESE AND ELIZABETH B. CROSSMAN  8t 
TABLE I 
Sensitization to Heat by Ultraviolet  Radiations 
Wave length  Intensity 
Ultraviolet dosage, ergs/mm3 
o  I  2oo  I  5oo  I  750 
Relative heat exposure to kill 
1.  Paramecium caudatum 
A 
2483 
2537 
2654 
2804 
3025 
3130 
3350 
3660 
ergs/rara.S 
2.0-  3.4 
Q 
2.8-13.0 
4.4-11.1 
3.7-7.1 
5.2-12.1 
15.3-16.2 
3.1 
30.2 
100  79  36  24  10 
Ultraviolet dosage, ergs/mm3 
Relative  heat exposure to kill 
100 
100 
100 
100 
100 
100 
100 
81 
89 
69 
83 
89 
93 
57 
53 
46 
73 
76 
94 
40 
33 
21 
58 
65 
87 
22 
17 
9 
48 
55 
71 
96 
2.  Paramecium multimicronucleata 
2537 
2654 
2804 
3025 
3130 
3350 
3660 
2483 
2.8-13.0 
4.4-11.1 
3.7-  7.1 
5.2-12.1 
15.3-16.2 
3.1 
30.2 
2.0-  3.4 
100 
lOO 
100 
100 
100 
100 
100 
64  40  30 
84  49  30 
72  47  20 
84  68  60 
92  83  74 
90  81  74 
19 
18 
11 
49 
59 
60 
90 
Ultraviolet dosage, ergs/mm.  2 
0  20015001750  1000 
Relative heat exposure to kill 
64  [  25  22  100  13 
At zero dosage the actual lethal exposure time is usually 6 to 6½ minutes.  The widest 
range in time is 5½ to 8½.  For zero dosage 100 units equals 6 minutes in the first experiment 
cited, then 79 units equals 41 minutes.  As dosage increases the relative exposure needed 
to kill decreases. 
hold for sublethal effects.  Therefore,  the division rate  of paramecia  exposed 
to sublethal  doses Of ultraviolet light followed by sublethal doses  of fieat was 
studied.  Dosages of 750 ergs/mm.  2, or less, of ultraviolet light and 3/4 or less 82  SENSITIZATION  TO  HEAT  WITH  ULTRAVIOLET  LIGHT 
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FiG.  1.  Relative effectiveness of various wave lengths in sensitizing paramecia to 
heat.  All the curves are smooth except the one for 2654~..  The point at 1000 ergs/ 
ram. 2 lies  above aU the others.  In all five experiments with P. caudatum  and five 
with P. multimicronucleata the same result  was obtained.  The  significance  of  this 
deviation is not understood.  oo[o 
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~o.  2.  Action  spectrum  for  sensitization  to  heat.  Pseudoglobulin  absorption 
after Smith (1929),  nucleic acid absorption after Casperson (1936).  The values for 
3000 ergs/mm.~ were used for all wave lengths except 2483 for which 750 ergs/mm.= 
was used.  In paramecium  ×  4 to show more clearly the 2800.~ maximum, the data 
were multiplied by 4 for all wave lengths except  2483A. ARTHUR C.  GIESE AND ELIZABETH B. CROSSMAN  83 
of the lethal thermal time were employed.  Such paramecia were compared 
with those merely irradiated'on the one hand and those merely heated to the 
same' extent on the other.  Such exposure to heat alone has no effect on the 
division  rate  other  than  causing  a  slight  lag  before division begins.  Such 
exposure to ultraviolet light alone reduces the rate of  division in addition to the 
lag  (see Giese, 1939).  Heat after ultraviolet radiation has no effect at all or 
merely increases the lag phase slightly.  The experiments under the conditions 
tried therefore do not offer any evidence of sensitization of the division mecha- 
nism to heat by irradiation with ultraviolet light.  Hnwever, what seems to be 
i°o 
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FiG. 3.  Recovery from heat sensitization  at different wave lengths.  The same or 
about the same initial sensitization  values are taken as the basis of comparison for 
different wave lengths.  The paramecia undergo dlviszon during this recovery  period. 
an effect on the nucleoproteins is demonstrable in the studies on the recovery 
of paramecia described below. 
3.  Recovery from Effects of Irradiation 
By irradiating the paramecia on one day and subsequently determining the 
lethal thermal dosage after various intervals of time the rate of recovery from 
the radiations could be determined by their loss of sensitivity to heat.  To 
compare the rate of recovery at different wave lengths paramecia were given 
dosages which produce about the same degree of sensitization to heat and the 
recovery from such dosages is given in Fig. 3 and Table II.  If the same ma- 
terial is being affected by each of these wave lengths the recovery from a com- 
parable initial effect should be the same at each of these wave lengths.  This 84  SENSITIZATION TO HEAT  WITH ULTRAVIOLET LIGHT 
is true for all of the wave lengths tested except 2654~ which indicates that more 
than one material is being affected.  Since 2654/~ is absorbed especially strongly 
by the nucleoproteins, the finding suggests that nucleoproteins may be involved 
in heat sensitization.  The results are interesting in another waymthey show 
how long the effects of ultraviolet light, even in sublethal dosages, persist in 
the protoplasm of the cell. 
TABLE II 
Recovery from Sensitization to Hea Resulting from Ultrat~olet Radiations 
Wave length 
J 
2483 
2537 
2654 
2804 
3025 
Lethal time after indicated number of days subsequent to irradiation 
Dosage* 
¢rgslmm.* 
75O 
O~ 
40O0 
0 
3000 
0 
3000 
0 
6OOO 
0 
$e:6. 
151 
122 
441 
465 
130 
441 
108 
390 
155 
441 
13o 
4.36 
1 day 
seG. 
326 
277 
447 
459 
242 
458 
127 
370 
241 
447 
250 
451 
2 days 
sec. 
4O4 
322 
457 
483 
364 
448 
157 
412 
400 
458 
393 
458 
4 days 
$eC. 
438 
399 
482 
454 
428 
482 
251 
370 
427 
457 
45O 
45O 
* Dosages to produce approximately the same initial retarding effect were selected. 
Zero dosage is the control in each case. 
DISCUSSION 
The similarity between the ultraviolet action spectrum of heat sensitization 
and  the  absorption  spectrum  of pseudoglobulin  suggests  that  the  substance 
in the cell affected by ultraviolet light and sensitized to heat is a simple protein, 
similar  in  its  absorption  spectrum  to  pseudoglobulin.  However,  in  vitro 
experiments with another simple protein, albumin, show differences in responses 
to  ultraviolet  light  and  heat  from those  observed in  living  systems.  Thus 
organisms are not  sensitized by heating  before exposure to ultraviolet  light, ARTHIYR C.  GIESE AND ELIZABETH B. CROSSMAN  85 
whereas according to Clark (1938) albumin shows a more copious precipitate if 
so treated.  Furthermore, at any temperature above 4 °  C. the proteins will 
develop opacity due to aggregation of the albumin molecules denatured by the 
ultraviolet radiations, the rate increasing with the temperature, whereas in our 
experiments the organism shows no injury at temperatures below lethal.  Thus 
paramecia subjected to sublethal dosages of ultraviolet light but kept at 33  ° C. 
continue to grow, at a retarded rate compared with unirradlated controls, but 
more  rapidly than irradiated  paramecia at  26  °  C.  Even as the  growth-in- 
hibitory range for Paramecium  multimicronucleata between 34.5  ° and 36.5  ° C. 
is approached there is no marked difference between unirradiated and irradiated 
specimens.  It is only when temperatures lethal to the controls are approached 
that  the  phenomenon  of  sensitization  in  irradiated  organisms  is  observed. 
Furthermore  , even at the lethal temperatures sublethal exposure times have 
little or no effect on the paramecia, division of animals so treated after irradia- 
tion is not more retarded than division of animals irradiated but not heated. 
Irradiation of pure protein solutions "sensitizes" them to heat in so far as 
a flocculum can be obtained even at low temperatures provided the temperature 
is above 4 ° C. (Clark,  1938).  The term "sensitization" has little meaning in 
this case since the heat merely furnishes the energy for the secondary reactions 
involved in the formation of a  flocculum.  For a  given dosage only a  given 
amount of flocculum forms, the rate at which it forms is determined by the 
temperature,  In the biological system on the other hand, no lethal effect is 
observed until the temperature approaches the thermal lethal threshold.  In 
this case the heat does not merely furnish the energy for the secondary  reactions 
involved in flocculation, since culture temperatures should suffice for that.  The 
biological phenomenon therefore remains unique and certainly worthy of further 
analysis. 
In contrast to biological systems proteins do not develop opacityat tempera- 
tures  of 4 °  C.  even if the  dosage with ultraviolet radiations is sufficient to 
denature, as judged by heating a sample above 4 ° C., yet paramecia will vesic- 
ulate when irradiated even at 4 ° C. according to Clark (1938).  As a result of 
this experiment Clark concluded that such organisms are not killed as a result 
of denaturation of the proteins, but by some effects on the membrane.  The 
question may well be raised whether paramecia are dying because they are 
vesiculating or vesiculating because they have been injured internally and are 
dying.  Evidence of specific action of ultraviolet light upon the cell membrane 
is lacking except for regions of the ultraviolet shorter than 2654/~ where activa. 
tion of unfertilized sea urchin egg occurs (Hollaender, 1938).  If the membrane 
is affected by longer wave lengths one might expect to find changes in permea- 
bility.  Reed  (1944 b)  studying  the  effects of  ultraviolet  radiations  on  sea 
urchin eggs and Giese and Parpart  (1940, unpublished)  in similar studies on 
red blood cells found no evidence for changes in permeability to water and ethyl- 86  SENSITIZATION TO HEAT WITH ULTRAVIOLET LIGHT 
ene glycol even after dosages as large or larger than those used to sensitize in 
the present experiments.  Reed  (1944 a)  has  described a  unilateral effect of 
ultraviolet light in which membrane formation is suppressed and the egg takes 
on a  hemispherical shape.  But this effect he explains as due to changes in 
viscosity in the egg rather than changes in the membrane.  It is known that 
vesiculation of cells occurs as the result  of almost  any noxious agents  slowly 
applied and that death from ultraviolet light or heat may occur withoutvesic- 
ulation.  The vesiculation may result from the  release of osmotically active 
materials inside the cell which enable it to take up more water, or in the case 
of paramecia to the paralysis of the contractile vacuoles  (in  this regard see 
Tschakotine,  1935).  Paramecium caudatum  pumps its own volume of water 
every 15 to 20 minutes (Adolph, 1931), therefore when water continues to come 
in through the membrane and fails to go out of the contractile vacuole cyt01ysis 
is bound to occur. 
The data on recovery of paramecia from sensitization to heat after irradiation 
suggest that  the nucleoproteins are involved since recovery from irradiation 
with one of the wave lengths absorbed most by nucleoproteins is slowest.  The 
immediate  effect of the  ultraviolet radiation  is apparently  chiefly upon  the 
general cytoplasmic mass of the cell, consisting mainly of simple proteins, and 
while the nucleoproteins are also affected they are present in too small a pro- 
portion to alter the general effect of sensitization to heat.  Only when the cyto- 
plasm recovers from the injury does the nucleoprotein effect become apparent, 
probably because recovery from nucleoprotein injury is slower.  In this respect 
the data resemble the effects of ultraviolet on division of cells,  in which the 
recovery action spectrum resembles nucleoprotein absorption (Giese, 1945b). 
The action of ultraviolet light in sensitization to heat thus also appears to be 
multiple, rather than specific.  Several constituents of the cell may be affected 
at the same time.  The nature of the action spectrum will depend upon the 
reaction which is predominant or the criterion being used to judge the effects of 
the radiations.  To get a true picture it is necessary to use as many criteria as 
possible. 
SUMMARY 
1. Heat does not sensitize  paramecia to ultraviolet  light  but ultraviolet  light 
sensitizes  them  to heat.  Paramecia  of  two  species  (Paramecium caudatum 
and P. multimicronucleata)  are much more readily killed by heat  at  42.3  °  C. 
if they are first exposed to ultraviolet light. 
2.  From studies on paramecia irradiated with a given dosage at various wave 
lengths before being killed by heat, an action spectrum of the compound in the 
protoplasm being sensitized to heat can be determined.  Proteins with absorp- 
tion similar to that of pseudoglobulin are suggested by these experiments. ARTHUR  C. GIESE AND ELIZABETH B. CROSSMAN  87 
3.  The effect upon living things differs from that on pure protein systems in 
that paramecia are not rendered more sensitive to temperatures below the lethal 
temperature whereas proteins are. 
4.  Almost complete recoveryfrom ultraviolet light as judged byheat sensitiv- 
ity occurs within 4 to 5 days. 
5.  By a  study of the rate of recovery from doses at different wave lengths 
evidence suggesting effects on nucleic acid is obtained. 
6.  The  possible  significance of  the  data and  the  action spectrum  is  dis- 
cussed. 
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